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STRUCTURAL BONDING ! 



low Surface Energy 
Substrates Present 
Bonding Challenges 



This article is adapted from, a report 
titled "Adhesives for Bonding Low 
Surface Energy Substrates" developed 
by Teltech Resources Network Corp., 
an independent provider of scientific 
and technical research; 800-838-8330- 
fax 612^851-7766. 

ttkjBft any plastics can be readily 
jyByB bonded with a wide range 
B » H of adhesives to give strong 
structural bonds (1). Plastics have much 
lower tensile strengths than other mate- 
rials, such as metals, and adhesive 
bonds can be achieved that often exceed 
the strength of the plastic However, 
attempts to bond certain plastics, such 
as polyethylene, result in weak assem- 
blies. Weak assemblies include those 
with tensile shear strengths of less than 
100 psi and those that leadOy fall under 
slight impact or exposure to moisture. 
The common characteristic of these 
unbondable plastics is low surface ener- 
gy. 

Typical low surface energy polymer 
substrates include plastics such as 
polyethylene and polypropylene, fluo- 
ropJastics like polytetrafmoroethylene 
CPTFE), polyolefln/rubber composites 
and thermoplastic olefins (TPOs). 
These polymers are of considerable 
interest to the design engineer because 
of their desirable properties, such as, 
for example, the chemical and heat 
resistance of PTFB and the low cost 
and easy moldabilny of polyolefins. 

This report on structural bonding 
focuses on product assembly applica- 
tions. It includes low stress situations 
where adhesives are used to hold parts 
together in noncritical situations and 
applications where there are consider- 
able stresses on the bonded joints. 
Bonding of film, packaging and labeling 
applications are not included. 

The polyolefins, polyethylene and 
polypropylene are of considerable com- 
mercial importance. For example, in 
the U.S. more than 8056 of household 
plastics and more than 50% of toys are 
fabricated from these materials. There 
has also been a large increase in use of 



these plastics in the automotive indus- 
try. Polyolefins are relatively low cost 
thermoplastics that are easy to mold 
and have good mechanical properties 
coupled with good chemical resistance 
and excellent weather resistance. How- 
ever, their use in many applications has 
been limited by the difficulty of assem- 
bling them in a cost effective way. 

Poryolefins and fhioroplastics are dif- 
ficult to bond for several reasons: 

B3 Low surface energy. A prime requi- 
site for successful adhesive bonding is 
successful spreading and wetting of the 
adhesive on the substrate. For this to 
be achieved, the substrate must have a 
high enough surface energy to over- 
come the surface tension forces in the 
adhesive. Polyolefins and fhioroplastics 
have very low surface energies. 

H Low porosity. There is no opportu- 
nity for the adhesive to penetrate into 
the plastic and give mechanical inter- 
locking. 

B No functional groups. Polyolefins 
are comprised entirely of carbon and 
hydrogen atoms and are very nonpolar 
polymers. Most adhesives contain oxy- 
gen, nitrogen and other electron-rich 
atoms, and they are polar materials. 
Also, the carbon and hydrogen atoms in 
poly olefins are very unreactive toward 
many chemicals, thus precluding adhe- 
sion through chemical reactions. 

B Surface weaknesses. Polyolefins 
usually have broad molecular weight 
distributions, and the low molecular 
weight molecules tend to migrate to the 
surface. These molecules have low ten- 
sile strengths and produce a weak * 
boundary layer. Another common prob- 
lem Is the presence of mold release 
agents on the surface, which must be 
removed prior to adhesive bonding. 

The following technologies represent 
the current state in the bonding of low 
energy polymer substrates. 

Pre treatment 

Thermal Methods* Flame treat- 
ment is widely used to prepare poly- 
olefin surfaces for adhesive bonding, 
particularly in fanning operations. This 



method is purported to burn off con- 
taminants and weak boundary layers, 
and it produces surface oxidation. 
Although flame treatment can be readi- 
ly automated on a container labeling 
line, it is very impractical for most 
product assembly operations. 

Polyolefins are thermoplastic poly- 
mers that can be easily melted, and sev- 
eral welding techniques can be utilized 
successfully to give strong b onds. These 
include spot welding, ultrasonic weld- 
ing, ultrasonic staking, vibration weld- 
ing, spin welding, hot plate welding and 
hot plate staking. AH these methods can 
be successful, but often have severe 
limitations such as high capital require- 
ments, restrictions on part geometry, 
inaMuy to bond dissimilar materials or 
slow production cycles (often taking 
minutes per part compared to the sec- 
onds of adhesive bondmg). 

Chemical Surface Treatment. 
The chemical modification of low ener- 
gy polymer surfaces is carried out by 
treatment with metallic sodium com- 
plex dispersions (for fhioroplastics), 
chromic add etching, bleach/deter- 
gents, potassium iodate/sulfuric acid 
and other mixtures. Dutch authors (SJ 
have shown that pretreatment with oxi- 
dizing adds can increase the adhesive 
strength of polyethylene tapes bonded 
with epoxy adhesives from 45 psi to 275 
psi. Surface analysis of their treated 
specimens indicates the generation of 
functional oxygen containing groups, 
Le., hydroxyl carbonyl and carboxyL 
Similar work using chromosulfuric add 
and chromyl chloride has been report- 
ed by Czech researchers (3), 

Treatment of PTPE with sodium 
cornplexes also gives strong evidence 
of surface oxidation and results in up to 
10-fold increases in bond strength (4) 
with epoxy adhesives. Although bond 
strength can be improved significantly 
by these chemical methods, they are 
time^xmsuming batch processes, often 
taking hours to treat, wash and dry 
parts, and are thus only suitable for 
small, high value parts. There is also 
the problem of disposing of hazardous 
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Plasma Treat menr. Gas plasma 
treatment involves exposing the plastic 
to a gas activated by radio frequency 
energy to clean it and make it receptive 
to adhesives. Oxygen plasma treatment 
of polyethylene appears to remove 
weak boundary layers and oxidize the 
surface, leading to several-fold 
increases in bond strength with 
adhesives such as urethanes and 
epoxtes. 

Ammonia plasma treatment of 
polyethylene gives strong bonds with 
cyanoacrylate adhesives coupled with 
excellent strength retention upon water 
immersions (5). It is argued that cova- 
lent bonding between the surface 
amine groups and the cyanoacrylate is 
more resistant to water than physical 
bonding alone, 

Other Surface Treatments* The 
fluorination of polyoleflns is a well- 
established batch process. German 
authors (6) have reported that fluorma- 
tion of polypropylene and polyethylene 
grves a six fold increase m peel strength 
from 1.7 to 1L4 lb per linear inch when 
bonded to steel with a two-part epoxy 
adhesive. Evidence is presented that 
indicates covalent bond formation 
between the fluorinated surface and 
the amine component of the epoxy 
hardener. Other treatments that have 
been reported to enhance adhesion of 
polyoleflns are contact with phospho- 
rus trichloride in combination with UV 
radiation (7), electrical discharge (8) 
and — ' — * 



Polymer Modification 

Several attempts have been made to 



alter the surface or bulk properties of 
poryolefins to increase the surface ener- 
gy or make them more polar. Several 
studies deal with grafting of polar 
monomers to the polyolefins. The pho- 
tografting of methacrylic acid, acrylic 
acid, acrylamide and methacrylamide 
onto polyethylene indeed gave polymers 
an increase in tensile shear strength 
from 70 psi to 240 psd when tested with 
epoxy adhesives (10), although a dis- 
tinct trade-off was that the bond lines 
became hydrophflic and more suscepti- 
ble to degradation by water. Other 
approaches have been to graft itaconic 
acid to polypropylene (11) acrylic add 
to polyethylene after corona treatment 
(12), maleic anhydride to polypropy- 
lene (1$), acrylamide to polypropylene 
after electrical discharge treatment 
(14), and the bulk heterogeneous graft- 
ing of methyl methacrylate onto 
polypropylene powder (15). 

All these studies claim significant 
improvements in bond strength, often 
with failure of the plastic tested with 
epoxy adhesives. However, these proce- 
dures would, on a commercial scale, 
require considerable capital investment 
and use hazardous chemicals. 

Surface Primers 

AD methods of pretreatlng or modify- 
ing low energy polymers prior to bond- 
ing are inconvenient, time consuming 
and often expensive. The use of a sur- 
face primer, although still somewhat 
inconvenient! is a much more desirable 
alternative for use on a production line. 

The cyanoacrylate instant adhesives 
or superglues are widely used in prod- 
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uct assembly operations because of 
their one-component nature, speed of 
cure and versatility. However, like most 
other adhesives, low strengths on 
untreated polyolefins has precluded 
their use in many operations. A signifi- 
cant breakthrough is the discovery by 
Loctite Corp. that certain surface 
printers can give considerable enhance- 
ments to adhesive strengths (16). 
These primers are not used to pretreat 
the polyolefins; they arje simply sprayed 
or brushed onto the substrate prior to 
applying the adhesive AH primers test- 
ed give increased bond strengths and 
the trialkylammoniuza carboxylates 
give bonds so strong that failure occurs 
in the polyolefin substrates (shear 
strengths of over 1,000 psi are consis- 
tently obtained). 

Other companies have discovered 
primers that interact with cyanoacry- 
lates (17, 18). Henkel has patented the 
use of imidazole derivatives and claims 
that bond strengths increase with con- 
tact time with the substrate, prior to 
application of the adhesive, 

Toa Gosei (19) has developed 
primers comprising solutions of imida- 
zole compounds in combination with 
chlorinated polypropylene or methyl 
methacrylate/chloroprene copolymers. 
Koatsu Gas (20) has patented solutions 
of triethyrphosphine and trt-N-propyl 
phosphme. 

University researchers (21) have 
studied the interaction between solu- 
tions of two primers (triphenyl phos- 
phme and cobalt actetylacetonate) and 
polyolefin surfaces in order to better 
understand why these primers promote 
adhesion using cyanoacrylates. These 
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ROCKET 
LAUNCH! 

Improved Hand-Held 
UV Spot Curing Sys- 
tem from LESCO 
Allows Users To Pin- 
point Power Output 



TORRANCE, CA... LESCO, an innovator tn 
UV technology, is offering the new and 
improved Rocket Cure 9 designed to give 
users total and precise control of power 
output The Rocket Cure Is a powerful One 
of hand-held and stationary ultraviolet (UV) 
spot cure devices featuring a power rating 
of 20,000 mW/cm 2 UVA.* 

The Rocket Cure has gone through an 
improvement cycle focused at the Power 
Control Module (PCM) which houses the 
sower supply and control functions of this 
Tigh power UV spot cure device. Rocket 
Cure offers three exclusive features: 
f . It allows users to pinpoint the exact 
power output via a large black 
knob with corresponding analog 
display on the front panel, 
Z the optical feedback Is sampled at 
the end of the wave guide instead 
of at the source. This gives the 
user a completely accurate meas- 
urement of the power being out- 
put, and 
a the ability to control the 6oJrt 
source via an RS232 Interface. 

"With the ability to control the UV intensity 
level and monitor relative Intensity, the 
operator now has a new level of control 
over the curing performance of UV aohe- 
sives and coatings" says John Beasley, 
Sales Manager oMhe 6uper Spot Division. 

Rocket Cure operates without a fquklQted 
light guide, allowing for transmission of 
short wave (2S4nm) racfation required for 
surface curing. Optical feedback manages 
the tamp for consistent output which simpli- 
fies process vaBdaflon for GMP. 

The distinctive appearing (it looks Bee a 
futuristic rocket) device measures just 
2.25" in diameter. Is 9" long, and weighs 
only 20 ounces. UVA output is more than 
13.000 mW/cm 2 at the output wave guide, 
its built-in shutter can be set from .01 to 
99.99 seconds and is operated by a 
remote foot switch, P.LC, or computer 
interface. The standard spot is 0.5" m 
cfameter. Optional wave guides are avail- 
able to accommodate different spot sizes 
and requirements for customized curing 



Ready for immeolate delivery, the Rocket 
Cure fists for $4850.00 each. 

Tfte measurement & fraoeaofe to N&JJNationat 
Institute of Standards Ofxt Technology) 

LESCO 

2355 Teto Avenue 
Torrance, CA 90505 
Tel: 310/784-2930 Fax 310/784-2929 



primers produce bonds that exceed Che 
strength of the plastics and also have 
good resistance to immersion in hot 
water. The dependence of adhesive per- 
formance on the solvent; primer thick- 
ness, age of the primed surface and the 
durability of the bond are explained by 
a model where the primer dissolves in 
Hie surface of the plastic and facilitates 
interpenetratton of the cyanoacrylate. 
A significant finding in this work was 
that maximum performance is obtained 
when solvents for the primers are cho- 
sen that will both wet out on and swell 
the poiyolefin. 

further credence is lent to this inter- 
penetration theory when a similar 
effect is observed using a free radically 
cured acrylic adhesive system (22). In 
this system, the primer consists of a 
solution of a copper(n) salt, and the 
adhesive is based on methyl methacry- 
late monomer with a small amount of 
triftmctional monomer and a hydroper- 
oxide/amine-based core system. It is 
found that bonds formed on low densi- 
ty polyethylene result in substrate fail- 
ure, and that an interphase of mixed 
adhesive and polyethylene is formed up 
to L5 mm thick. 

Hot Melt Adhesfves 

Hot melt adhesives are formulated 
using ethylene vinyl acetate (EVA) 
copolymers, polyamides, polyesters, 
thermoplastic rubbers and urethanes 
pins various additives to control flow, 
setting and adhesion. They have been 
used successfully to bond untreated 
polyolefins to themselves and to other 
materials. Hot melts are usually applied 
at temperatures of 350°F to 400°F. It 
has often been postulated that the 
molten hot melt dissolves surface con- 
taminants and weak boundary layers, 
and can penetrate into the interior of 
the poiyolefin substrate. 

Evidence for tlie intespenetration the- 
ory to explain good bonding to poly- 
olefins is shown as early as a 1976 study 
where hot melt EVA, ethyleneethyl 
acrylate and ethyleneacrylic acid 
copolymers were used to bond 
polyethylene (23). Observation of cross 
sections of joints shows the existence 
of an interfaclal boundary layer and a- 
mixed layer of hot melt yfrolyethylene. 

Russian authors (24) have studied 
the interaction of hot melt adhesives 
for bonding polyethylene to steel They 
indicate that maximum adhesion is 
obtained when thermal oxidation leads 
to the crosslinklng of the poryethylene. 
In addition, adhesion promoters for 
primexiess polypropylene bonding with 
hot melts have been developed (25). 
Effective formulations contain 3396 iso- 
tactic polypropylene oligomers mixed 
with two types of styrene-butadiene- 
styrene block copolymers and two 
tackifiers. Lap shear strengths of 3.5 
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N/mm 2 are reported. 

Adhesive shear strengths of 300 psi 
to 400 psi can be achieved with hot 
melts on bonding polypropylene and 
200 psi to 300 psi on polyethylene. 
However, hot melts are often precluded 
from high-load-bearing situations 
because of their thermoplastic nature 
and low tensile strength compared to 
crosslinked adhesive types. They tend 
to creep under load, particularly at ele- 
vated temperatures. Hot melt composi- 
tions comprising blends of polyamides, 
EVA and hydrocarbon resins are pur- 
ported to bond unpretreated polyethy- 
lene for such applications as cables and 
wires and to be durable under tempera- 
ture variations between -20°F and 
160°F (26). It has also been claimed 
that moisture crosslinkable pressure 
sensitive hot melts can mitigate these 
weaknesses (27). 

Opportunities and Risks 

Significant opportunities exist for 
structural adhesives that can bond 
untreated low energy substrates. 
Despite the worldwide increases in 
poiyolefin prices over the last two 
years, prices will stabilize under normal 
cycles of supply/demand, and these 
plastics are still very desirable from 
both a cost and performance viewpoint. 

Teltech believes that all types of pre- 
treatment of the plastics will always be 
a last resort because of the inconve- 
nience and cost of these treatments, 
and the necessity to pretreat will 
severely limit the potential for using 
poly olefin materials. 

CyanoocryioteSy The discovery of 
surface primers for cyanoacrylate 
' adhesives is a major technical break- 
through and will reap considerable 
profits for the marketers of these adhe- 
sives in specialized applications such 
as medical devices, electronics and 
sporting goods. However, we believe 
that both technical and economic con- 
straints will limit the potential of this 
technology to these specialized and 
high-value-added applications. 

Firstly, the use of a surface primer 
removes one of the main benefits of 
cyanoacrylates, namely, their single- 
component nature. Secondly, 
cyanoacrylates are thermoplastic adhe- 
sives with limited thermal and solvent 
resistance. Because properties are con- 
trolled primarily by the stability of the 
basic polymer backbone (almost all 
cyanoacrylates are based on ethyl 
cyanoacrylate monomer), there are lim- 
its to the property improvements that 
can be made. Thirdly, the high manu- 
facturing cost of these adhesives cou- 
pled with the high profit expectations 
of their marketers will maintain most 
prices over $40/lb. This will eliminate 
cyanoacrylates from consideration in 
many large-area bonding applications. 
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Acrylics. The work on bonding poly- 
olefins with acrylic adhesives has great 
potential. Acrylic adhesives are two- 
component, 10096 reactive systems, 
often called tough acrylics, reactive 
acrylics or aerobic adhesives. They are 
based on methacrylate and acrylate 
monomers, which are toughened with 
dissolved rubbers. These adhesives 
have proven to be extremely useful in 
demanding applications where fixture 
times of a few minutes and strong, 
impact resistant bonds are required 

An attractive feature of acrylic adhe- 
sives is that with very few exceptions, 
they are formulated from commercially 
available monomers that are available 
at relatively low costs. However, 
acrylic adhesives have the inconve- 
nience of being two-part systems, and 
some are flammable and have unpleas- 
ant odors. Nevertheless, the vast range 
of available raw materials makes them 
very attractive to the adhesives formu- 
lator. Also, single-component, heat- 
cured versions of these adhesives can 
be readily formulated. 

Hot Melts. Hot melt adhesives have 
always had some successful applica- 
tions in bonding polyolefins, a major 
reason being that they are compatible 
with poryolenris because many are for- 
mulated using poly olefin or ethyl ene- 
vinyi acetate polymers. Hot melts have 
failed in the past because of inability to 
withstand hot or cold temperatures 
during service or lack of resistance to 
creep under load. We believe that a 
combination of new resins and the 
increasing market penetration of mois- 
ture-curable crosslinking hot melts will 
remove some of these limitations. 

Epoxies. It is interesting that there 
are no reported developments in the 
use of epoxy adhesives for bonding 
untreated low energy surfaces, 
although many researchers have used 
epoxies to test the efficacy of their sur- 
face treatments. Epoxy adhesives are 
widely used in industrial automotive 
and aerospace markets for the high- 
strength structural bonding of metals 
and composites. If the interpenetration 
theory is indeed one of the keys to suc- 
cessful polyolefin bonding, then a 
. .prime requirement for diffusion of the 
adhesive into the plastic will be a low _ 
viscosity. This is perhaps one of the 
reasons why epoxies have not been 
successful. The basic bisphenol A 
resins used in epoxies are 10,000 cps to 
15,000 cps — compare this to the 6 cps 
to 20 cps of some of the cyanoacrylates 
and acrylic adhesives. The table on 
page 40 shows a comparison of the dif- 
ferent approaches used to bond low 
surface energy materials. 

Conclusion 

Some significant advances have been 
made to address the problem of bond- 
ing low energy surfaces. The commer- 



cial availability of polyolefin primers 
for cyanoacrylates has certainly 
opened up new application opportuni- 
ties for these adhesives, but the appli- 
cations will be limited by high prices. 

We believe that the academic work 
on the bonding of polyolefins with cer- 
tain reactive acrylic adhesives is in its 
early stages, and it could lead to some 
exciting new products. 
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